Heat exchangers are devices in which heat is transferred from one fluid to another fluid as a result of temperature difference. Heat exchanger presented in the current paper in which inside the tubes flows water, but outside the tubes flows air aims to enable cooling of circulating water, which serves to cool the engine of a machine. Such exchangers find application in the automotive industry as well as heating and cooling equipment and HVAC systems etc. The surface of the heat exchanger by the air side always tends to be much larger using surface fins in order to facilitate equalization of thermal resistance for both sides of the heat exchanger, because the rate of transmission of heat from the water side is much greater. Furthermore, the paper will present analytical and experimental studies involved for determination of performance of plate-fin heat exchanger for various flows of working fluids in order to get the highest values of performances i.e.: overall heat transfer coefficient U, efficiency of heat exchanger ɛ, maximal and real heat transferred, pressure drop, air velocity and Reynolds number from the air side of heat exchanger etc. The present scientific paper is based on the fact that from the experimental model made for laboratory conditions, conclusions are derived that can be used during installation of such heat exchanger on certain machines in order to predict their performance.
Introduction
Heat exchanger air-water, applied to the current paper, due to the flow of fluids in the same direction is called the heat exchanger with the parallel flow [1] .
Regarding the working fluids mixtures, the same heat exchanger is called with mixers along exchanger from the air side, and without mixture from the water side [1] . In such heat exchangers fins surfaces from the air side, which have found more applications are tubular and rectangular ones [1] [2] . The overall efficiency of heat exchangers with fins surfaces is influenced by many factors such as the surface material of heat exchangers, fluid flows, placing distance of surfaces fins, surfaces number of fins and fluid types, flow direction etc. Fins surfaces are usually placed outside the tubes, but there are some applications when they are placed inside the tubes [1] . Most of the research papers in the analysis of plate fins heat exchangers are based on pressure drop and heat transfer characteristics. A heat exchanger with plate fins surfaces consists of plates from the air side instead of tubes to separate the hot and cold water. In 1930's plate heat exchangers are used to meet the hygienic demands of the food industry. These days plate fins heat exchangers find applications in wide range of fields as power generation, heating, ventilation and air conditioning systems, treatment of waste heat, gas production, chemical industry, pharmaceuticals, food industry etc. A method which provides an ideal platform for studying the performance of plate fins heat exchanger with miscible and immiscible systems was developed by M. Thirumarimurugan [3] . An experimental investigation for laboratory conditions is developed by Alur [4] in order to test heat transfer and pressure drop characteristics for a plate fin heat exchanger with the counter flow. Nabadi [5] has analyzed a numerical investigation of pressure drop and heat transfer in a heat exchanger that was designed with the different shape of pin fins.
The purpose of this paper is to determine the optimal operation of the platefin heat exchanger for the various flow of working fluids in order to achieve the highest values of performance.
The experimental set up in this investigation consists of a parallel flow heat exchanger. Changing the airflow along the tunnel is done by a variable speed axial fan, the values of which are measured by a differential micromanometer. At the exit of the tunnel, the air is warmed by receiving heat from the water flowing inside the tubes in the same direction. Water flows are provided by a circulating pump, where the amount of water in the system is measured by a rotameter placed at the exit of hot water. The heat exchanger's effectiveness is calculated for different values of the flow rate between working fluids. The temperature measurements are read on electrical control panel display. Fins surfaces analyzed in the current paper, for heat exchanger air-water are rectangular.
Therefore, the results of the heat transfer and the pressure drop characteristics in function of changing the flow of working fluids are presented below.
Thermal Analysis of Heat Exchangers with Parallel Flow
The efficiency of the heat exchanger with parallel flow of working fluids is calculated by the expression:
The overall heat transfer coefficient, determined experimentally, is derived from the basic equation of heat transferred:
]-overall surface of heat transfer;
Logarithmic mean temperature difference for parallel flow of working fluids is calculated by the expression: The number of transmission units:
The maximum temperature difference in a heat exchanger:
The maximum heat transferred in a Heat exchanger is:
Accordingly, the efficiency of heat exchanger water-air with plate fins surfaces is:
The total heat transferred between working fluids with parallel flows in a heat exchanger with plate fins surfaces, is calculated by the following equation:
From the expression of the number of transmission units, we can extract the value of the product U * A:
Pressure Drop by the Air Side of Heat Exchangers with Plate Fins Surfaces
The maximum pressure drop is considered as one of main the design specifications. If the pressure drop reaches the maximum values higher than allowed, additional fins surface should not be added.
For the description of pressure drop is necessary to apply for non-dimensional numbers: Staton, Prandtl, and Reynolds: Water temperature at the outlet of the heat exchanger, T 3 . Air temperature at the inlet to the heat exchanger, T 4 . Air temperature at the outlet of the heat exchanger.
The valves 12, 13, 18, 19, 6 serve to maintain the water circuit under the permissible norms in order to perform a normal operation of the heat exchanger.
Experimental Analysis of Performance of Plate-Fin Heat Exchanger
Experimental analysis of performance for the current heat exchanger is made in the device shown in Figure 1 . In order to highlight the impacts of changing flow of working fluids, the following diagrams are presented bellow as: logarithmic mean temperature difference, efficiency of heat exchanger, real and maximal heat transferred in heat exchanger, the overall heat transfer coefficient, pressure drop, air velocity, Reynolds number from the air side of heat exchanger. Although, the physical properties of the working fluids, which are presented in the Table 1 with a fixed values, during the calculation they are taken into consideration being changed with temperature, even though the effect of temperature on physical properties has little or there was no effect on the performance of heat exchanger.
As seen from Figure 2 came to the conclusion that the effect of changing the water flow (3.23˚C) is more pronounced than the change of air flow (2˚C) to the LMTD. From Figure   3 (a), it is seen that for unchanged hot water flow 100 [l/h] when the air flows through the heat exchanger with fins surfaces is increased by the fan, in that case, the overall efficiency of the heat exchanger is reduced. This is due to the short contact between the working fluids and the inability that air mass flow to absorb that heat. The same happens during the drive of a car when the velocity is too large in that case, it causes the engine to warm up, thus preventing the cooling.
Therefore, for such applications, the Heat Exchangers should be used with phase changes of working fluids. The opposite occurs in Figure 3(b) , when the airflow generated by the fan remains unchanged, while changes the flow of hot water through the three-speed circulation pump. Because of the air flows slowly, then and for these high values of airflow undesirable noise was produced.
With the change of mass flow of air with the fan, the air velocity on the side with fins surfaces has been linearly changed (see Figure 7) . Based on the geo- 
Conclusions
One of the key parameters in increasing the plate fins heat exchanger performance is to change the mass flow of working fluids. In addition, the overall efficiency of heat transfer coefficient determined experimentally varies considerably by changing the air flow from the side with fins surfaces and a small change is observed if the mass flow of hot water is changed ( Figure 5 ).
